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EXECUTIVE SUMMARY 

Wildlife fencing along highways can lower wildlife-vehicle collision (WVC) rates by excluding animals 

from the road right-of-way. Still, animals can breach fencing and end up trapped within the fencing 

along the highway right-of-way, exposing wildlife and motorists to the risk of collision. Wildlife 

escape ramps are designed to allow trapped animals safe passage out of the right-of-way. Few 

recommendations exist on effective design of escape ramps (ER) and monitoring data are limited. We 

investigated the usage levels, escape success, wildlife-vehicle collisions, and design of 11 escape 

ramps and two escape jumps along an eight-mile stretch of U.S. Highway 550 near Ridgway, Colorado. 

Our goals were to 1) relate usage levels and escape success to ER structure design and its surrounding 

environmental characteristics, 2) describe the animal use of ER in the study area, 3) conduct a cost-

benefit analysis for escape ramp construction and 4) provide recommendations regarding ER design 

and WVC based on data collected. 

Escape Ramp Usage 

1. Escape ramps were used by mule deer, elk, bear, mountain lion, coyote, red fox, bobcat, 

raccoon, striped skunk, wild turkey, rodents, raptors, and passerines. 

2. Mule deer visited escape ramps more than any other species. We documented a total of 

1,333 successful mule deer escapes. 

3. Elk in the study area used escape ramps far less than mule deer, with a total of 25 successful 

escapes. 

4. Peak escape ramp visits by deer occurred during the early morning and late evening. 

Seasonally, deer visits to escape ramps peaked in November and May. 

5. Most visits to escape ramps by elk occurred during the spring and summer (April-June).  

6. Mule deer were able to use escape ramps to enter the highway right-of-way (i.e. reversals). 

We documented a total of 27 reversals by mule deer, 25 of which occurred at one escape 

ramp. No elk reversals were documented. 

7. Escape success rates for mule deer ranged from 8.2% to 70.3% across the 11 escape ramps. 

The highest percentage of successes (70.3%) occurred between milepost 108 and 109; the 

lowest (8.2%) occurred between milepost 110 and 111. 

Escape Ramp Monitoring  

1. Mule deer were more likely to make a successful escape at ramps with a perpendicular 

guide fence. 

2. Mule deer were less likely to make a successful escape if a horizontal bar was present on the 

escape ramp. 

3. Mule deer were more likely to complete a successful escape if shrubs were located in close 

proximity to the escape ramp, but not in the landing area. 

4. Mule deer were more likely to make a successful escape at escape ramps close to the 

highway compared to those located farther from highway.  
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Cost-Benefit Analysis  

1. Wildlife -vehicle collision rates were measured as animal collisions per mile per year. Before 

construction of escape ramps, this rate was 1.94 for mule deer. After construction of three 

escape ramps in 2005, the rate dropped to 1.53. In 2010, five more escape ramps were 

constructed in the study area, and the mule deer collision rate dropped to 1.12. 

2. Elk collision rate prior to escape ramps construction was 0.58 collisions per mile per year. 

After construction of three escape ramps in 2005, the rate dropped to 0.32. Finally, after 

eight more ER were constructed, the rate dropped to 0.03. 

3. Prior to construction of ER, wildlife -vehicle collisions in the study area cost society 

$172,839 per year. Following construction of eight ER, ÓÏÃÉÅÔÙȭÓ cost was reduced to 

$66,766 ($62,353 for mule deer, $4,413 for elk).  

4. The cost recovery timeframe for ER construction was 1.35 to 2.20 years depending upon 

animal valuation.  

Recommendations  

1. Consider i nstall ing additional escape ramps between Alkali Creek (milepost 109) and 

milepost 111.  This is the longest stretch of highway in the study area without an escape 

measure. This problem area was the site of three wildlife-vehicle collisions from May 2010 ɀ 

July 2014. 

2. Close openings in wildlife fencing.  We documented 34 openings in the fence between 

milepost 106 and milepost 112. These openings were large enough for deer to pass through. 

3. Mitigate wildlife -vehicle collisions at ends of wildlife fencing . Most wildlife -vehicle 

collisions occurred at the ends of wildlife fencing, both before and after escape ramp 

construction. 

4. Extend dates of gate closure.  Gates on the bike path are closed from October 1 to April 1. 

Visits by mule deer to escape ramps indicate closure through May might be more 

appropriate. 

5. Improve guards.  Install wildlife guards at access road where they do not exist and improve 

current guards that are filled with gravel or ineffective at deterring wildlife. 

6. Improve select escape structures.  To reduce mule deer reversals at escape structures, 

add a horizontal bar to the top of the escape ramp near the Dutch Charlie entrance to 

Ridgway State Park and to the Dry Creek escape jump. 
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INTRODUCTION 

Wildlife -vehicle collisions (WVC) have substantial negative impacts to human safety and wildlife 

populations and are of great concern to transportation and wildlife managers (Forman et al. 2003, 

Mastro et al. 2008). Beyond risks of injury or death, WVC can result in high economic costs from 

property damage and loss of wildlife recreation opportunities (Huijser et al. 2009). A key mitigation 

measure includes use of wildlife exclusion fencing (Clevenger et al. 2001, Huijser et al. 2008b), which 

has been shown to reduce WVC by 79% for deer (Reed et al. 1982), 80% for ungulates (Clevenger et 

al. 2001), and over 80% for elk (Dodd et al. 2006).   

Wildlife fencing, however, is not an absolute exclusion measure as gaps, which allow for unintended 

wildlife passage through the fencing, exist in most situations (Bissonette and Hammer 2000; Putman 

1997). These gaps occur due to driveways, other roads intersecting the highway, erosion of the 

landscape under the fence in areas with  complex topography, animal-created holes, human 

vandalism, and other factors. Animals of all sizes will find their way through most wildlife fencing 

and the fencing designed to exclude animals from the dangers of the transportation corridor  can 

create a physical barrier that traps wildlife in right-of-way (ROW) areas near the road and blocks 

wildlife linkages across the landscape (Huijser and Kociolek 2008). When such situations exist, 

wildlife fencing has the potential to increase WVC and hinder wildlife movement (Knapp et al. 2004).   

Current recommendations on the construction of wildlife fencing consider the fence to be only one 

part of a multi-part mitigation strategy (Huijser et al. 2008b; Clevenger and Huijser 2011). Wildlife 

fencing should guide animals to locations along the transportation corridor where they can cross 

safely. Furthermore, opportunities for escape need to be provided when animals breach the fencing 

or make runs around the ends of the fencing. Safe crossings can be provided by underpasses, 

overpasses, or at-grade crosswalks and escapes from the ROW can be facilitated using infrastructure 

complementary to the fencing such as one-way gates or earthen escape ramps (ER). One-way gates 

and ER have been implemented as escape measures to alleviate the trapping effects of fencing for 

large ungulates, however ER are preferred over one-way gates based on their  suggested effectiveness 

(Bissonette and Hammer 2000).   

Earthen escape ramps are generally designed from inside of the ROW and consist of a sloping mound 

of soil with a gradual slope to the wildlife fence. Backing material is used to support the soil at the 

fence, and the height of the fence is lowered to approximately five feet at the apex of the ramp. This 

creates a sharp drop off the ramp that allows wildlife to jump to safety outside of the ROW (Huijser 

et al. 2008b). Such designs permit escape of animals trapped within the fenced ROW area, while 

discouraging intrusion  into the ROW (reversals of the ER). Escape ramp design features such as ramp 

slope, ramp vegetation, wildlife fence height at ramp, presence horizontal bars, and guide fencing 

perpendicular to the exclusionary fence can vary. Additionally, nearby fence attributes (e.g., 

proximity to nearby fence gaps) and landscape features (e.g., proximity to wildlife movement 

corridors) can influence use of ER.   

Studies that have evaluated the effectiveness of ER are limited, especially in any kind of experimental 

framework. Long-term pre- and post-construction monitoring studies of ER with treatments and 
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controls are lacking. Literature on ER is composed primarily of studies that have documented use of 

ER by various species and cost-benefit analyses of WVC data before and after ER construction.  

Bissonette and Hammer (2000) document use of ER by mule deer (Odocoileus hemionus). Species 

observed using ER in Banff National Park include deer, elk (Cervus elaphus), moose (Alces alces), and 

bighorn sheep (Ovis canadensis) (Bruce Leeson, personal communication cited in Huijser et al. 

2008b). Clevenger et al. (2002) report successful use of ER by deer, elk, and coyote (Canis latrans). 

They further report success rates of five escapes over 19 visits (26%) for deer, six escapes over nine 

visits (67%) for elk, and one escape over four visits (25%) for coyote over a two-year and nine-month 

time period (Clevenger et al. 2002). Desert bighorn sheep used eight ER in Arizona successfully 322 

of 337 times (96%), and of 1312 observations of sheep on the safe side of the fence, 44 (3%) made 

passage to the ROW; however, following the inclusion and adjustment of horizontal bars to 

approximately 16 inches, no evidence of successful reversals into the ROW by bighorn sheep were 

documented (Gagnon et al. 2013). 

In a study of the effectiveness of ER in comparison to one-way gates along highways U.S. 40 and U.S. 

91 in northern Utah, Bissonette and Hammer (2000) found that ER were eight to 11 times more 

effective than one-way gates in allowing deer to escape the ROW. Along Highway U.S. 91, they 

observed a decreased amount of deer mortality after the ramps were constructed. In their cost-

benefit analysis, they found that the cost of installing ER along highways with wildlife fencing 

designed to exclude big game is very rapidly offset by the reduction of WVC. In their calculations, if 

the installation of ER decreased deer mortality by a very conservative two percent, the benefits would 

offset the costs in one to two years. Additional benefits suggested by Bissonette and Hammer (2000) 

include: inexpensive cost of maintaining ER, especially compared to one-way gates, ER mimic natural 

topography which is thought to reduce fright behavior in deer when they are used, and ER are less 

conspicuous than one-way gates.  

Based on data collected using sand tracking beds, Huijser et al. (2010) report successful use of jump-

outs by mule deer and white-tailed deer (Odocoileus virginianus), domestic cat (Felis catus), and 

coyote. These species used the jump-outs to jump down to the safe side of the wildlife fence as 

opposed to just visiting the top of the jump-outs and not making an escape. In a subsequent quarterly 

progress report , Huijser et al. (2013) provide preliminary data, based on track bed surveys, 

indicating that jump-outs are used by mule deer much more successfully than by white-tailed deer. 

In an area dominated by white-tailed deer, successful escapes were made less than 2% of the time a 

deer was detected on top of a jump-out compared with nearly 35% at areas with a larger population 

of mule deer, and most of these successful escapes (nearly 80%) were at a location made up almost 

exclusively of mule deer (Huijser et al. 2013). These results are pertinent to the Colorado Department 

of Transportation (CDOT) as both deer species occur within Colorado, with mule deer occurring 

throughout the state and white-tailed deer occurring on the eastern plains, Rocky Mountain National 

Park, Middle Park, the White River drainage, and the San Luis Valley (Armstrong et al. 2011). 

Information gathered on the use and escape success of mule deer may not be transferable to 

situations involving white-tailed deer. 

Recent literature reviews and comprehensive treatments on highway mitigation that mention ER 

(Knapp et al. 2004; Huijser et al. 2008b) rely on the work conducted by Bissonette and Hammer 
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(2000) for their discussion. Clevenger and Huijser (2011) make some recommendations on the 

design of ER and suggest the use of smooth outside walls to prevent animals, especially bears, from 

climbing up the ramp.  They also discuss ER positioning on the landscape and recommend placing 

them at set-backs in the fence in areas with dense vegetative cover and preferably at a right-angle jog 

in the fence (Clevenger and Huijser 2011). Huijser and Kociolek (2008) make similar 

recommendations regarding design and positioning, and acknowledge the lack of information about 

the appropriate height for ER, which is dependent upon the terrain and focal wildlife species at any 

one location. Arizona Department of Transportation provides a useful document that describes 

various wildlife escape measures including escape ramps (AZDOT 2014). 

There is a need for evaluation of ER design and environmental characteristics to maximize the 

effectiveness for target wildlife. In August 2012 we began the field component of a monitoring effort 

of ER focused on quantifying use and escape success by ungulates, namely mule deer (hereafter deer) 

and elk, along U.S. Highway 550 in Ouray County, Colorado. Within our study reach from 2000 to 

2014, there were 233 WVC, primarily from mule deer and elk. The number of WVC is an indication of 

the need for ER along this stretch of highway. We provide additional information on WVC in the cost-

benefit section. Our goals were to 1) relate usage levels and escape success to ER structure design 

and its surrounding environmental characteristics, 2) describe the animal use of ER in the study area, 

3) conduct a cost-benefit analysis for ER construction, and 4) provide recommendations regarding 

ER design and WVC based on data collected. 

 

METHODS 

Study Area 

The study area consists of an eight-mile segment of US Highway 550 north of Ridgway, Ouray County, 

Colorado (Fig. 1).  Speed limit on the highway in the study area is 60 mph (CDOT 2011). Average 

Annual Daily Traffic (AADT) counts range from 6,700 ɀ 7,300 and are projected to increase to 

approximately 9,500 ɀ 10,500 in the next 20 years. The number of travel lanes and lane width do not 

change along this segment of highway, but the primary outside shoulder width does (CDOT 2011). 

Billy Creek State Wildlife Area is located to the northeast and Ridgway State Park, surrounding 

Ridgway Reservoir, is located to the west. The entire segment has eight-foot wildlife  fencing to 

exclude wildlife, but several subdivisions have driveway access from this segment of the highway 

that create breaks in the fence and provide entry points for animals to the highway. 

The dominant road topography in this area is rolling terrain (CDOT 2011) and elevation ranges from 

approximately 6,500 to 7,000 feet. Wildlife habitat is primarily pinõn -juniper and mountain shrub 

vegetation communities with some irrigated agriculture as well as riparian habitats of the 

Uncompahgre River and its tributaries. The wildlife fence exists on both sides of the highway from 

mile markers 105.5 ɀ 113.5 (Southern Rockies Ecosystem Project [SREP] 2006). Fencing bisects 

important habitat for elk and deer, and the area has several resident deer populations. Additionally, 
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road segments between mile markers 105 and 106 and north of mile marker 111.5 have been 

identified as traditional deer crossings (CPW 2013; Fig. 1). Along this 5-mile segment of highway, 

three ER were constructed in 2005 and eight were constructed in 2010. 

 
Figure 1. Study area north of Ridgway, along Highway 550, Ouray County, Colorado. Mule deer highway 

crossings are areas identified as traditional deer crossing by Colorado Parks and Wildlife (CPW 2013). Red star on 

inset map depicts the location in Colorado. 
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Earthen Escape Ramp Designs 

The 11 ER in the study area vary in overall design and details (Table 1). The three ramps constructed 

in 2005 do not have perpendicular guide fences and one has a horizontal bar. Photos of each ER are 

provided in Appendix A. 

Table 1. Design characteristics, general location and construction year of 11 escape ramps. 

Ramp 
ID # 

Hwy 
550 
MP1 

Side of 
Highway 

Perpendicular 
Guide Fence 
Present 

Horizontal 
Bar Present 

Distance to 
Highway (m) 

Year 
Built  

1 111.5 W yes yes 29 2010 

2 111+ E yes yes 28 2010 

3 108+ E no no 155 2005 

4 107.5 E yes yes 25 2010 

5 107- W no no 25 2005 

6 107- E no yes 52 2005 

12 111- E yes no 42 2010 

20 108+ W yes no 57 2010 

21 111+ W yes no 45 2010 

22 111- W yes no 80 2010 

23 107.5 W yes yes 25 2010 

  1MP = milepost 

Earthen Escape Ramp Monitoring 

We monitored 11 ER along Highway 550 using motion-sensitive infra-red cameras (Attack )2Άȟ 

Cuddeback, De Pere, WI). We monitored ramps continuously for a period of two years (August 2012 

ɀ July 2014) and deployed two cameras at each ramp by bolting them within protective cases 

ɉ#ÕÄÄÅ3ÁÆÅΆȟ #ÕÄÄÅÂÁÃËȟ $Å 0ÅÒÅȟ 7)Ɋ ÔÏ ÐÏÓÔÓ ÏÆ ÔÈÅ ×ÉÌÄÌÉÆÅ ÆÅÎÃÅ ɉ&ÉÇure 2).  

 
Figure 2. A representative earthen escape ramp along Highway 550 depicting camera placement 

 (cameras circled in red). 



 

6 
 

We positioned cameras such that animals could be observed on the ER and successful escapes or 

movements back toward the ROW area could also be observed. Each trigger event resulted in a time-

stamped photo followed by a video clip (up to 30 seconds) to record animal activity. We revisited 

cameras periodically to replace batteries and collect data memory cards. 

We viewed photo and video footage to document animal visits to each ER and determine whether or 

not a successful escape was made. We defined a successful escape as a visit to an ER by an animal 

with sufficient picture or video evidence to indicate the animal jumped from the ramp (or crawled 

under a horizontal bar) to the safe side of the wildlife fence. Unsuccessful escapes were defined as a 

visit to an ER when an animal did not jump to safety, but left the ramp on the ROW side of the fence. 

We did not consider the amount of time an animal spent at the ramp before making an escape or 

leaving the ramp in defining successful versus unsuccessful escapes. In addition to escape attempts, 

our camera placement allowed us to document reversals: occasions where animals were able to jump 

up from the safe side of the wildlife fencing into the ROW.  

Culvert Escape Jump Monitoring 

In addition to the camera monitoring of the 11 ER, we also placed one camera at each of two escape 

jumps at Alkali and Dry creeks, which both pass under Highway 550 through box culverts. Escape 

jumps have been created by intentional gaps in the fencing above the box culvert headwall at both of 

these creeks. The Dry Creek escape jump is located on the east side of the highway near milepost 

(MP) 106. The Alkali Creek escape jump we monitored is on the west side at MP 109-. The fencing 

gaps are above areas along the vertical headwall that are at heights low enough to provide animals a 

location where they can jump to safety, but high enough to discourage animals from jumping up into 

the ROW. A horizontal bar is present on one half of the jump at Dry Creek (Figure 3). 

 

Figure 3.  Escape jumps along Dry Creek from the right-of-way above the creek (left) and Alkali Creek from the 

creek bed (right). 
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Escape Ramp Data Analysis 

To model successful escapes by mule deer at ER, we used several approaches. 

We used logistic regression (generalized linear model [glm] function in R, R Core Team 2014) to 

model successful and unsuccessful escape attempts of mule deer at ER as a function of five 

independent variables: 1) presence of a horizontal bar at top of ramp, 2) distance of ramp from 

highway, 3) presence of a guide fence on ramp, 4) distance to nearest shrub on safe side of fence from 

ramp, and 5) distance to nearest tree on safe side of fence from ramp. Other variables were 

considered (ER slope, ER jump height, ER opening width, ER length), but there was so little variation 

among ER with respect to these variables, which was confounded by the small sample size of only 11 

ER, that meaningful comparisons could not be made. Additionally, even if some of these variables 

were statistically significant due to the large sample size of escape attempts, we could find no 

biological interpretation for deer responses to ER variables such as opening width or ER length, for 

instance.  

We examined all possible models of the five independent variables listed above and compared 

ÍÏÄÅÌÓ ÕÓÉÎÇ !ËÁÉËÅȭÓ ÉÎÆÏÒÍÁÔÉÏÎ ÃÒÉÔÅÒÉÏÎ ÆÏÒ ÓÍÁÌÌ ÓÁÍÐÌÅ ÓÉÚÅ ɉ!)#c) and AICc model weights (wi) 

(Burnham and Anderson 2002). For each variable, we calculated a cumulative AICc weight (w+) and 

we report estimates for the regression coefficients (ɼi) with 95% confidence intervals (CI) using the 

highest-ranked model for that variable in the modeling set. Estimates with a 95% CI that did not 

overlap zero were considered to have a strong effect (Burnham and Anderson 2002).  

Additionally, we used Poisson regression in a log-linear model (glm function, offset of deer visits to 

ER in R, R Core Team 2014) to model counts of successful escapes as a function of the total number 

of visits by mule deer to ER. We used the same independent variables as the logistic regression 

analysis above, but the three continuous distance variables were converted to categorical variables 

with two  distance classes each. Thresholds for separating distances into two bins for each category 

were based upon the data and were defined as 29 meters for distance to highway, 9 meters for 

distance to nearest shrub, and 43 meters for distance to nearest tree. 

To account for overdispersion present in the data, where there is more variability in the data than 

predicted based on the assumed Poisson distribution, we used a quasi-Poisson approach (glm 

function, quasipoisson family, in R, R Core Team 2014) to model counts of successful escapes per the 

total number of visits by mule deer to ER. We used the same independent variables as the logistic and 

log-linear model, and the same binning thresholds as the Poisson regression.  
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RESULTS AND DISCUSSION 

Earthen Escape Ramp Monitoring 

Mule Deer 

We recorded 2,965 visits of mule deer to the 11 ER within the study area. Of these visits, we were 

able to confirm whether or not a deer made a successful escape on 2,588 occasions (confirmed 

observations), and of these there were 1,333 successful escapes from the ROW (51.5%).  

 

 
Figure 4. A deer making a successful escape at Ramp 20. 
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The number of visits and successful escapes also varied by ER (Table 2). Successful escape 

percentages for deer at each ER ranged from 8.2% to 70.3%. We documented 27 successful mule deer 

reversals, which are discussed below.  

 

Table 2. Visits, escapes, and reversals of mule deer at each escape ramp. 

Ramp 
ID # Visits 

Confirmed 
Observations 

Successful 
Escapes 

Escape 
Percentage Reversals 

1 278 252 123 48.8 0 

2 104 94 30 31.9 1 

3 240 225 89 39. 6 0 

4 443 389 251 64.5 1 

5 551 523 282 53.9 0 

6 305 177 29 16.4 0 

12 64 61 5 8.2 0 

20 636 553 389 70.3 25 

21 85 74 41 55.4 0 

22 119 108 30 27.8 0 

23 140 132 64 48.5 0 

TOTAL 2965 2588 1333 51.5 27 

 

Over a third of total deer visits to ER that we were not able to confirm as successful or unsuccessful 

escapes (128) occurred at Ramp 6. Most of these visits were due to a hole in the wildlife fence just 

behind the ER that we discovered during video analysis. Deer were entering and exiting the ROW 

through the fence and triggering the camera. For most of these visits, deer did not climb to the top of 

the ramp to make an escape attempt. These data are still included as they provide information on 

seasonality, daily timing, and frequency of visits to ER in the ROW. 

Most deer visits occurred at the six ER toward the southern half of the study area (Figure 4). The 

northern five ER had a total of 650 deer visits and the southern six ER had 2,315 deer visits.  

Mule deer visits to ER were also quite variable temporally on both hourly (Figure 5) and monthly 

(Figure 6) scales. Most visits occurred during the early morning and late evening, and seasonally 

during the fall, peaking in November, and the spring, peaking in May. Visits decreased during the 

summer and increased again each October.   
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Figure 5. Spatial distribution of mule deer visits recorded at 11 escape ramps along Highway 550 from August 1, 

2012 to July 31, 2014. 






































































